Abstract. A function f : [a, b] ⊂ R → R is said to be convex if whenever x, y ∈ [a, b] and t ∈ [0, 1], the following inequality holds:
Introduction
Let f : I ⊆ R → R be a convex mapping defined on the interval I of real numbers and a, b ∈ I, with a < b. The following double inequality is well known in the literature as the Hermite-Hadamard inequality [2] :
In [5] , Iscan gave definition of harmonically convexity as follows: Definition 1. Let I ⊂ R\ {0} be a real interval. A function f : I → R is said to be harmonically convex, if
for all x, y ∈ I and t ∈ [0, 1]. If the inequality in (1.1) is reversed, then f is said to be harmonically concave.
The following result of the Hermite-Hadamard type for harmonically convex functions holds.
Theorem 1. [5]
Let f : I ⊂ R\ {0} → R be a harmonically convex function and a, b ∈ I with a < b. If f ∈ L[a, b] then the following inequalities hold
The above inequalities are sharp.
For recent results and new inequalities related to harmonically convex functions, see [5, 6, 7] .
Let us now consider a bidemensional interval ∆ =:
with a < b and c < d. A function f : ∆ → R is said to be convex on ∆ if the following inequality:
holds, for all (x, y) , (z, w) ∈ ∆ and t ∈ [0, 1] . A function f : ∆ → R is said to be on the co-ordinates on ∆ if the partial mappings
Also, in [3] , Dragomir establish the following similar inequality of Hadamard's type for co-ordinated convex mapping on a rectangle from the plane R 2 .
Theorem 2. Suppose that f : ∆ → R is co-ordinated convex on ∆.Then one has the inequalities:
Similar results can be found in [2] - [4] and [8] - [13] . Motivated by [2, 3, 5, 13] , we will explore a new concept of co-ordinated convex functions which is called harmonically convex functions on the co-ordinates. By virtue of this new concept, we except to present another interesting and important Hermite-Hadamard inequalities for these classes of functions.
Main Results

Definition 2. Let us consider the bidimensional interval
with a < b and c < d. A function f : ∆ → R is said to be harmonically convex on ∆ if the following inequality:
holds, for all (x, y), (z, w) ∈ ∆ and t ∈ [0, 1]. If the inequality in (2.1) is reversed, then f is said to be harmonically concave on ∆. 
We note that if f x and f y are convex and nondecreasing function then f x and f y are harmonically convex. If f x and f y are harmonically convex and nonincreasing function then f x and f y are convex. Also, in definition 2 and definition 3,
The following lemma holds:
Lemma 1. Every harmonically convex function f : ∆ → R is harmonically convex on the co-ordinates, but the converse is not generally true.
which shows the harmonically convexity of f x .
The fact that f y :
] goes likewise and we shall omit the details. Now, consider f :
. It is obvious that f is harmonically convex on the co-ordinates but is not harmonically convex on [1, 3] 
Thus for all t ∈ (0, 1), we have
which shows that f is not harmonically convex on [1, 3] 
The following inequalities of Hermite-Hadamard type hold.
ically convex on the co-ordinates on ∆. Then one has the inequalities:
Proof. Since f : ∆ → R is harmonically convex on the co-ordinates it follows that the mapping
. Then by inequality (1.2) one has:
That is,
Integrating this inequality on [a, b], we have:
By a similar argument applied for the mapping h
Summing the inequalities (2.3) and (2.4), we get the second and the third inequality in (2.2). By the inequality (1.2) we also have:
which give, by addition, the first inequality in (2.2). Finally, by the inequality (1.2) we also have:
which give, by addition, the last inequality in (2.2). If in (2.2) we choose f (x) = 1, then (2.2) becomes an equality, which shows that (2.2) are sharp. 
where
Proof. By integration by parts, we get
Thus, again by integration by parts in the right hand side of (2.5), it follows that
which completes the proof.
∂t∂s ∈ L(∆) and ∂ 2 f ∂t∂s q , q > 1, is a harmonically convex function on the co-ordinates on ∆ then one has the inequality:
where A t = tb + (1 − t)a, B s = sd + (1 − s)c and 
